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A B S T R A C T
W e p resen t ab so lu te  p a ra llax es an d  re la tiv e  p ro p e r m o tions for five AM  C V n s ta rs , w hich we ob­
ta in e d  using  th e  F ine G uidance Sensors on  b o a rd  th e  Hubble Space Telescope. O u r p a ra lla x  m easu re­
m en ts tra n s la te  in to  d is tan ces  dAMCVn =  606- 935 pc; dHPLib =  197-12 pc; dCRBoo =  337-35 pc; 
dv803Cen =  347-27 pc; an d  dGPCom =  75+2 pc. F rom  these  d is tan ces  we e s tim a te  th e  space d ensity  
of AM  C V n s ta rs  an d  suggest th a t  p rev ious es tim a tes  have been  to o  h igh  by  a b o u t an  o rd er o f m ag­
n itu d e . W e also infer th e  m ass accre tion  ra te s  w hich allow s us to  co n s tra in  th e  m asses of th e  donor 
s ta rs , a n d  we show  th a t  re la tiv e ly  m assive, sem i-degenerate  dono r s ta rs  are favored in  all system s 
excep t G P  Com . F inally , we give u p d a te d  es tim a tes  for th e ir  g rav ita tio n a l-w av e  signals, re levan t for 
fu tu re  space m issions such  as th e  p roposed  L aser In ter fero m e ter  Space A n te n n a  (L IS A ),  b ased  on 
th e ir  d is tan ces an d  th e  in ferred  m asses of th e  b in a ry  com ponen ts . W e show  th a t  all system s b u t G P  
C om  are  excellent ca n d id a te s  for d e tec tio n  w ith  LIS’A.
Subject headings: a s tro m e try  —  in te rfe ro m e try  —  sta rs : d is tan ces —  sta rs : ind iv id u al (AM  C anum  
V enatico rum , H P  L ib rae , C R  B ootis, V 803 C en tau ri, G P  C om ae B erenices) —  
s ta rs : ca tacly sm ic variab les
1. INTRODUCTION
T h e AM  C V n s ta rs  a re  w h ite  dw arfs (W D s) accreting  
m a tte r  from  a d eg en era te  o r sem i-degenerate  com panion , 
c o n s titu te d  p rim a rily  o f helium  w ith  trac es  of m e ta ls  (b u t 
no  hydrogen). B ecause of th e ir  evolved n a tu re  th e y  ex­
ist in  u ltra -c o m p ac t configurations, w ith  o rb ita l periods 
ran g in g  from  a b o u t one h o u r dow n to  ten , possib ly  even 
five, m inu tes. G enera l overview s of th is  class of u l tr a ­
com pac t b in a ry  s ta rs  are given by  W arn er (1995) and , 
m ore recently , N elem ans (2005).
T h e  fo rm a tio n  of AM  C V n s ta rs  is as ye t p o o rly  u n ­
d ersto o d , a lth o u g h  several fo rm atio n  channels have been  
p roposed  to  co n trib u te  sign ifican tly  to  th e  AM  C V n p o p ­
u la tio n . T h e  first is s ta b le  R oche-lobe overflow in  a 
(form erly  d e tach ed ) doub le  w h ite  d w arf b inary , w hen 
th e  tw o w h ite  dw arfs a re  b ro u g h t to g e th e r  by  angu ­
la r m o m en tu m  loss due to  th e  em ission of g ra v ita tio n a l 
waves (th e  W D  channel; see N elem ans e t al. 2001). T he 
second is R oche-lobe overflow from  a helium  s ta r  on to  
a w h ite  dw arf, followed by  a p e rio d  m in im um  aro u n d  
te n  m inu tes, caused  by  th e  quench ing  of helium  fusion 
an d  th e  dono r s ta r  becom ing  sem i-degenerate  -  equiva­
len t to  th e  o rb ita l p e rio d  m in im um  in  th e  hydrogen-rich  
C a tacly sm ic V ariab les (CV s) (th e  h e liu m -sta r channel; 
e.g. Ib en  & T utukov  1991; N elem ans e t al. 2001). In
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a th ird  scenario , a hydrogen-m ain-sequence s ta r  s ta r ts  
m ass tran sfe r  on to  a  w hite  d w arf rig h t a t  th e  tim e w hen 
its  core is becom ing  d ep le ted  of hydrogen , sh ifting  th e  
n o rm al C V  o rb ita l p e rio d  m in im um  dow n to , again , 
a b o u t te n  m inu tes depend ing  on  th e  level o f hydrogen  
d ep le tion  (th e  evolved-C V  channel; P odsiad low ski e t al.
2003).
D e te rm in ing  w hich of these  ev o lu tio n a ry  channels ac­
tu a lly  p ro d u ce  AM  C V n sta rs , an d  in  w h a t num bers, has 
been  a lo n g -stand ing  p roblem . A n im p o r ta n t observable 
is th e  d is tan ce  to  know n AM  C V n s ta rs : th is  helps in  
d e te rm in in g  th e ir  space density , an d  th e ir  ab so lu te  m ag­
n itu d e s  co n ta in  im p o r ta n t in fo rm atio n  a b o u t th e  ra te  a t 
w hich th e y  accre te  m a tte r ,  w hich in  tu r n  co n s tra in s  th e  
m asses of th e  donor s ta rs .
In  th is  p a p e r  we p resen t Hubble Space Telescope (H S T )  
p a ra llax es of five AM  C V n s ta rs , ran g in g  from  17 to  
46 m inu tes in  o rb ita l period . T h ey  w ere se lected  on 
th e ir  average V -b a n d  m a g n itu d e  (V  < 16) because of 
th e  source b rig h tn ess  lim ita tio n s  of th e  F in e  G uidance 
Sensors (FG S). All five system s show  q u ite  ch a rac te r is ­
tic  accre tion  d isk  behav io r. T h e  sh o rte s t-o rb ita l-p e rio d  
system s AM  C V n an d  H P  Lib, a t  17 an d  18 m inu tes re­
spectively, have an  ap p a re n tly  s ta b le  d isk  th a t  ap p ears  
o p tica lly  th ick  w ith  shallow  helium  ab so rp tio n  lines (e.g. 
G reenste in  & M atth ew s 1957; O ’D onoghue e t al. 1994), 
w hile th e  lo ngest-period  system  G P  Com , a t  46 m inu tes, 
has  a s ta b le  d isk  th a t  ap p e a rs  o p tica lly  th in  w ith  s tro n g  
helium  em ission lines (e.g. N a th e r  e t al. 1981). T h e  tw o 
in te rm ed ia te  system s u n d e r considera tion , C R  B oo an d  
V 803 C en a t  o rb ita l p erio d s of 24 an d  27 m inu tes, d isp lay  
tra n s itio n s  betw een  h igh  an d  low accre tion  d isk  s ta te s , 
w ith  th e  d isk  chang ing  from  abso rp tion -line  to  em ission- 
line s ta te s  a n d  th e  lum inosity  d ro p p in g  by  as m uch as five 
m ag n itu d es (e.g. W ood e t al. 1987; O ’D onoghue e t al. 
1987). T h is is p resu m ab ly  caused  by  a th e rm a l in s tab il­
ity  in  th e ir  disks (T sugaw a & O saki 1997). P h o to m e t­
rically, these  AM  C V n s ta rs  th u s  behave m uch  like th e
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w ell-stud ied  CV s (e.g. P a tte rso n  e t al. 1997, 2000).
T h e  o u tlin e  of th is  p ap e r is as follows. W e describe 
th e  observa tions an d  d a ta  red u c tio n  in  S ection  2, an d  
p resen t th e  p a ra llax es an d  ab so lu te  m ag n itu d es  in  con­
ven ien t ta b u la r  form  in Section  3 . W e th e n  discuss th e  
im p lica tions of these  resu lts  for th e  space d en s ity  of AM 
C V n sta rs , for th e ir  m ass accre tion  ra te s  an d  th e  m asses 
of th e  com ponen ts , an d  for th e ir  g rav ita tio n a l-w av e  sig­
nals in  S ection  4 .
2. OBSERVATIONS AND DATA REDUCTION
T en se ts  o f a s tro m e tric  d a ta  w ere acqu ired  w ith  th e  
F in e  G u idance Sensors on  b o a rd  H S T  for each of our 
five science ta rg e ts . A t each  epoch  we m easu red  several 
reference s ta rs  an d  th e  ta rg e t m ultip le  tim es to  co rrec t 
for in tra -o rb it d rift. W e o b ta in ed  these  se ts  in  p a irs  ty p i­
ca lly  se p a ra te d  by  a week. E ach  com plete d a ta  agg regate  
sp an s ~ 1 .5  years, excep t for G P  Com , w here a servicing 
m ission forced a one-year slip  o f an  observ a tio n  a t  one 
m ax im u m  p a ra lla x  factor. T able 3 co n ta in s  th e  epochs of 
o b se rva tion  an d  m easu red  p h o to m e try  for each  AM  C V n 
s ta r . T h e  d a ta  w ere reduced  an d  ca lib ra te d  as d e ta iled  
in  B ened ic t e t al. (2002a, 2002b, 2005), M cA rth u r e t al. 
(2001), an d  S oderb lom  e t al. (2005).
B ecause th e  p a ra llax es d e te rm in ed  for th e  AM  C V n 
s ta rs  have been  m easu red  w ith  resp ec t to  reference fram e 
s ta rs  w hich have th e ir  ow n p ara llaxes, we h a d  to  ei­
th e r  ap p ly  a s ta tis tic a lly  derived  co rrec tio n  from  rela tive  
to  ab so lu te  p a ra llax  (van A lten a  e t al. 1995) or es tim a te  
th e  ab so lu te  p a ra llax es  of th e  reference fram e s ta rs  (listed  
in  T able 4 ) . W e chose th e  second  m e th o d , as it y ields a 
m ore d irec t (less G alaxy-m odel d ep en d en t) w ay of d e te r­
m in ing  th e  reference s ta r  ab so lu te  para llaxes.
In  princip le , th e  colors, sp e c tra l type , an d  lum inosity  
class o f a s ta r  can  be used  to  e s tim a te  th e  ab so lu te  m ag­
n itu d e , M V, an d  V -b a n d  ab so rp tio n , A V . T h e  ab so lu te  
p a ra lla x  is th e n  sim ply,
n abs =  10- (V -M v+ 5 -A v )/5 (1)
To o b ta in  th e  sp e c tra l ty p e  an d  lum in o sity  class of 
all reference s ta rs , we com bined  ex isting  p h o to m e tr ic  
d a ta  from  th e  T w o-M icron  All Sky S urvey  (2M ASS), 
p ro p e r  m o tions from  th e  U SN O  C C D  A stro g ra p h  C a t­
alog (U C A C 2), an d  g ro u n d -b ased  spectroscop ic  follow- 
u p  from  th e  2.5-m  Isaac  N ew ton  Telescope (w ith  IDS), 
th e  4.2-m  W illiam  H erschel Telescope (w ith  ISIS), th e  
6.5-m  M ag e llan -B aa d e  te lescope (w ith  IM A C S), an d  th e  
FLW O  1.5-m  (w ith  FA ST ), w here th e  acronym s in  p a re n ­
theses a re  th e  nam es of th e  sp ec tro g rap h s  used. T he 
sp e c tra  ty p ica lly  h a d  a ^ 5  Â reso lu tio n  an d  a w ide spec­
tr a l  range , su itab le  for classification  pu rp o ses from  early- 
to  la te - ty p e  s ta rs . T ab le 5 lis ts th e  sp e c tra l ty p e s  an d  lu ­
m in o sity  classes we o b ta in ed  for ou r reference s ta rs  based  
on th e ir  in d ep en d en t p h o to m e tr ic  an d  spectroscop ic  clas­
sifications. E s tim a te d  classification  u n ce rta in tie s  were 
used  to  o b ta in  th e  e rro rs  on  th e  m  — M  values in  th a t  
tab le .
A ssum ing an  R  =  3.1 G a lac tic  red d en in g  law  (Savage 
& M ath is  1979), we derived  A V values b y  com paring  th e  
m easu red  colors (Table 6) w ith  in trin sic  (V  — K ) 0 colors 
from  Bessell & B re t t  (1988) an d  Cox (2000). T h e  re su lt­
ing  A V values a re  co llected  in  T able 7, from  w hich we 
ca lcu la ted  a field-w ide average A V to  b e  used  in  E q u a ­
tio n  1. T h e  resu ltin g  reference s ta r  p a ra lla x  e s tim a tio n s 
a re  lis ted  in  T able 5 .
3. RESULTS
3.1. P arallaxes and A bsolu te M agnitudes
T able 1 lis ts  th e  ab so lu te  p ara llaxes, p ro p e r  m otions, 
a n d  ab so lu te  m ag n itu d es  we o b ta in ed  for th e  five AM 
C V n sta rs . To d e te rm in e  th e  average ab so lu te  m agn i­
tu d es, we first derived  average values for th e  ap p a re n t 
m ag n itu d es  of ou r o b jects . AM  C V n, H P  L ib  an d  G P  
C om  have never been  observed  to  show  b rig h tn ess  vari­
a tio n s  m uch la rg e r th a n  a b o u t a te n th  of a m ag n itu d e  
a ro u n d  th e ir  m ean , an d  it  is com m only  assum ed  th a t  
th e ir  accre tion  d isks are  in  s ta b le  s ta te s  o f h igh  (AM  
C V n, H P  Lib) o r low (G P  Com ) m ass tran sfe r, such th a t  
th e  th e rm a l in stab ilitie s  th a t  m ay  trig g e r tra n s itio n s  b e­
tw een  d ifferent b rig h tn ess  s ta te s  do  n o t occur. W e could  
th e re fo re  use ou r ac cu ra te  F G S  p h o to m e try  (Table 3 ) , 
w hich consists o f 10 v isits  p e r o b je c t well se p a ra te d  in  
tim e, to  d irec tly  derive average a p p a re n t m ag n itu d es  for 
these  th re e  system s. T h e  tw o o th e r  ob jec ts , V 803 C en 
a n d  C R  Boo, a re  know n to  show  com plex b rig h tn ess  vari­
a tions, as also ev idenced  b y  ou r F G S  p h o to m e try  (Table 
3 ) . F or these  we used  th e  resu lts  o f ex tensive p h o to m e t­
ric  m o n ito rin g  cam paigns co n d u c ted  by  P a tte rso n  e t al. 
(1997, 2000) to  e s tim a te  tim e-averaged  a p p a re n t m agn i­
tu d es, by  sim ply  averag ing  th e  flux levels re p o r te d  for 
these  system s over th e  m u ltip le  years of observations. 
F or all system s, we have m ade  th e  cruc ia l a ssu m p tio n  
th a t  th e  average flux levels a t  w hich th e y  have been  ob­
served  since th e ir  d iscovery  are rep re se n ta tiv e  for th e ir  
lo n g e r-te rm  average flux levels. T h e  re su lts  a re  collected  
in  T able 1.
W hen  using  a tr ig o n o m etric  p a ra lla x  to  derive abso lu te  
m ag n itu d es  for a class o f o b jects , a  co rrec tio n  is u su ­
ally  m ade for th e  L u tz -K e lk e r  (LK ) b ias (L utz & K elker 
1973). T h is  LK  b ias occurs w hen th e  nu m b er of s ta rs  in  a 
p o p u la tio n  sign ifican tly  increases (or decreases) w ith  dis­
ta n c e  a ro u n d  th e  m easu red  d is tan ce  for a ce rta in  o b jec t 
in  th e  p o p u la tio n , b o th  due to  an  increase  in  th e  sam pled  
volum e w ith  d is tan ce  an d  a decrease in  th e  p o p u la tio n  
space d en sity  w ith  d istance . T h is can  be co rrec ted  for if 
one know s th e  scale heigh t o f th e  p o p u la tio n  u n d er con­
s id e ra tio n . F or th e  AM  C V n sta rs , th e  scale heigh t is 
n o t know n an d  has to  be es tim a ted .
G P  C om , to g e th e r  w ith  its  tw in  V 396 H ya, qu ite  
likely belongs to  a (p o ten tia lly  large) halo  p o p u la tio n  
o f old an d  very  m e ta l-p o o r AM  C V n s ta rs  (M arsh  1999; 
M orales-R ueda e t al. 2003). For th e  sh o rte r-p e rio d  sys­
tem s, we have no  in d ic a tio n  th a t  th e y  belong  to  a halo  
p o p u la tio n . S ignificant am o u n ts  of m e ta ls  have been  
d e tec ted  in  AM  C V n, H P  L ib an d  V 803 C en (Roelofs 
e t al. 2006b,c), suggesting  a th in  or possib ly  th ick  disk 
orig in . S im ilar d a ta  is as y e t unavailab le  for C R  Boo, 
b u t several m ore recen tly  d iscovered AM  C V n s ta rs  -  
SDSS J124058 .03—015919.2 (Roelofs e t al. 2005), an d  
V 406 H ya (Roelofs e t al. 2006a) -  show  ab u n d an ces of 
m e ta ls  in  o p tica l sp e c tra  (ty p ica lly  Fe, M g an d  Si) th a t  
a re  com patib le  w ith  so lar values. T h ere  is th u s  no evi­
dence th a t  th e  AM  C V n s ta rs  in  th e  so lar neighbo rhood  
in  general belong  to  a halo  p o p u la tio n . In  ad d itio n , none 
o f ou r o b jec ts  show  p a r tic u la rly  la rge tran sv e rse  veloci­
ties p e rp e n d icu la r  to  th e  G alac tic  P lan e  (see T able 1 for 
th e ir  p ro p e r  m o tions). W e th u s  assum e th a t  AM  CV n, 
H P  Lib, C R  B oo an d  V803 C en all belong  to  a d isk  p o p ­
u la tio n .
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W e m odel th e  space d en s ity  of th is  p o p u la tio n  w ith  a 
th in  d isk  co m ponen t o f m o d e ra te  age, w ith  a scale heigh t 
hz,thin =  300 pc, p lus an  o lder th ick  d isk  com ponen t of 
scale heigh t h z,thick =  1250 pc th a t  co n trib u te s  2% a t 
z =  0 pc, w here z is th e  d is tan ce  from  th e  G alac tic  P lane :
P(z )
P(0)
0.98 sech (z /3 0 0  pc) +  0.02 sech (z /1 2 5 0  pc) (2)
W e th e n  ca lcu la te  th e  LK  b ias A n  num erically , as th is  
allow s for a re la tiv e ly  easy  d eriv a tio n  of th e  LK  b ias cor­
rec tio n  (see below  on  how  we ap p ly  th is ) for an  a rb itra r ily  
com plica ted  d is tr ib u tio n  of s ta rs  p (n ) by  eva lua ting




ƒ d n pQ')7T/4 exp
(7r'—  7t )2
(3)
w here p (n ) will in  general d ep en d  on th e  co o rd in a tes  (b u t 
in  ou r m odel p o p u la tio n , on ly  on th e  G alac tic  la titu d e )  of 
th e  o b je c t u n d er study , an d  th e  n - 4 d n  te rm  is s im ply  th e  
increase in  (phase) space w ith  n . W e perfo rm  th is  con­
vo lu tion  in teg ra l betw een  n  ±  5<rn ; for p a ra llax  m easu re­
m en ts  w ith  <rn / n  >  0.2, an  LK  b ias co rrec tio n  will b e ­
com e increasing ly  u n rea lis tic  (e.g. L u tz  & K elker 1973), 
a lth o u g h  in  ou r case th e  decreasing  p (n ) w ith  n  ^  0 due 
to  th e  fin ite p o p u la tio n  scale heigh t keeps th e  in teg ra l 
w ell-behaved. T h e  fact th a t  o u r sam ple  is, essentially, 
m a g n itu d e  lim ited , causes an  ad d itio n a l supp ression  of 
th e  p o p u la tio n  d en s ity  p (n ) to w ard s n  ^  0 (e.g. S m ith  
2003; also L u tz  & K elker 1973). However, th e  o b je c t for 
w hich th is  p o te n tia lly  m a tte rs  due to  its  re la tiv e ly  large 
m easu rem en t e rro r  (i.e. AM  CV n; <rn / n  =  0.18) is a t 
h igh  G alac tic  la ti tu d e  such th a t  th e  assum ed  fin ite scale 
heigh t has  a lre ad y  effectively k illed off th e  p o p u la tio n  
p (n ) a t  sm all n .
G P  C om , for w hich we assum ed  a halo  origin, essen­
tia lly  rep resen ts  th e  lim iting  case p (n ) ^  co n s ta n t since 
its  observed  d is tan ce  is m uch sm aller th a n  an y  reasonab le  
choice of scale heigh t for th e  halo.
T h e  resu ltin g  LK  bias co rrec tions on  th e  ab so lu te  m ag­
n itudes, A M  (LK ), are given in  T able 1. W e have used 
th e m  to  convert th e  in ferred  ab so lu te  m a g n itu d e  for e.g. 
AM  C V n, based  on  its  m easu red  d istance , to  th e  average 
ab so lu te  m a g n itu d e  th a t  a sam ple o f objects exactly like 
A M  C V n  w ould have:
M V =  (V  ) — (m  — M  ) — A V +  A M  (LK) (4)
T h a t is, we ap p ly  th e  LK  b ias co rrec tio n  to  th e  M V ’s of 
th e  ind iv id u al o b jec ts  in  ou r sam ple . In  p rac tice , these  
A M (L K )’s are ac tu a lly  q u ite  sm all co m p ared  to  th e  ‘ra w ’ 
m easu rem en t u n ce rta in tie s  in  th e  d is tan ce  m odu li m —M . 
T h e  e rro rs  on  these  co rrec tions, also given in  T able 1, 
have been  e s tim a ted  by  vary ing  th e  m odeled  th in  disk 
scale heigh t from  200-500  pc. All resu lts , inc lud ing  th e  
final ab so lu te  m ag n itu d es we o b ta in  for th e  five s ta rs , are  
lis ted  in  T able 1.
4. DISCUSSION 
4.1. P revious D istance M easurem ents  
4.1.1. Ground-based parallax measurements
T w o of o u r ta rg e ts  (AM  C V n an d  G P  C om ), as well as 
one o th e r  m em ber of th e  AM  C V n class (V396 H ya) have 
a m easu red  g ro u n d -b ased  p ara llax . T h o rs ten se n  (2003)
derived  a p a ra lla x  for G P  C om  of 14 .8± 1 .3  m as, t r a n s la t­
ing in to  a  d is tan ce  of 6 8 -6  pc, in  good  ag reem en t w ith  
ou r d e te rm in a tio n . F or V396 H ya, J. R. T h o rs ten sen  
(p riva te  com m unication) derives a p a ra lla x  of 12 .9±1 .4  
m as, tra n s la tin g  in to  a d is tan ce  of 7 6 - 81 pc, very  close 
to  th e  d is tan ce  found  for G P  Com .
A g ro u n d -b ased  ab so lu te  p a ra lla x  of 4.25 ±  0.43 m as 
is derived  for AM  C V n itse lf  (C. D ah n  2004, as q u o ted  
by  N elem ans e t al. 2004), tra n s la tin g  in to  a d is tan ce  of 
235 pc. T h is is in  d isag reem en t w ith  ou r m easu rem en t 
a t  th e  5-<r level. T h e  o rig in  of th is  ra th e r  significant 
d isc rep an cy  is n o t clear. W e have no reaso n  to  ques tion  
th e  F G S m easu rem en ts, b u t we do n o te  th a t  th e re  were 
on ly  th re e  su itab le  reference s ta rs  in  th e  field of AM  CV n, 
w hereas we used  five for th e  o th e r  sources. T h is m akes 
AM  C V n ’s m easu rem en t m ore suscep tib le  to  e rro rs  in 
th e  reference s ta r  grid . O n th e  o th e r  h an d , if AM  C V n 
rea lly  w ere a t  235 pc, it seem s h igh ly  un likely  th a t  we 
shou ld  n o t have d e tec ted  a  m uch  la rg e r signal.
N one of th e  o th e r  AM  C V n s ta rs  have a g ro u n d -b ased  
p a ra llax  d e te rm in a tio n  sofar. A lower lim it to  th e  d is­
ta n ce  to  C R  B oo is se t by  C. D ah n  (2004, as q u o te d  by  
E sp a illa t e t al. 2005) of dCRBoo >  250 pc, fully consis­
te n t w ith  ou r m easu rem en t.
4.1.2. Model-based distances
A nu m b er of accre tio n  d isk  m odeling  s tu d ies  have been  
done, w here th e  observed  o p tica l sp e c tra , in  p a r tic u la r  
th e  shapes of th e  sp e c tra l lines an d  th e  overall slope 
of th e  sp ec tru m , a re  f itte d  to  accre tio n  d isk  m odels to  
derive a nu m b er of p a ra m e te rs , inc lud ing  th e  d istance. 
E s tim a te s  include: dESCet =  350 pc (E sp a illa t e t al. 
2005); ¿CRBoo =  469 ±  50 pc, dHPLib =  188 ±  50 pc, 
dv803Cen =  405 ±  50 pc, ¿AM CVn =  288 ±  50 pc (all 
from  N asser e t al. 2001); an d  ¿AMCVn =  420 ±  80 pc, 
dCRBoo =  206 ±  15 pc (E l-K h o u ry  & W ickram asinghe 
2000).
C om p arin g  these  values w ith  ou r p ara llaxes, th e  large 
d isc rep an cy  w ith  th e  d is tan ce  to  AM  C V n is aga in  s tr ik ­
ing, w hereas th e  values for C R  B oo sc a tte r  a ro u n d  our 
p a ra llax  value, an d  th e  d e te rm in a tio n  for H P  L ib is dead- 
on  ta rg e t. T h e  d ifferent m odel p red ic tio n s for AM  C V n 
a n d  C R  B oo differ q u ite  a b it, th e  difference being  for­
m ally  sign ifican t a t  th e  5-<r level for C R  Boo.
B ased  on  ou r H S T /F G S  para llaxes, it w ould th u s  ap ­
p ea r  th a t  g ro u n d -b ased  p ara llax es u p  to  a t  least 75 pc 
can  give q u ite  re liab le  resu lts , w hereas g ro u n d -b ased  p a r­
allaxes a t  several h u n d red  pc as well as d is tan ces ob­
ta in e d  from  d isk  m odeling  rem a in  u n ce rta in .
4.2. Space D en sity  o f A M  C V n  S tars
B ased  on  an  e s tim a ted  M V =  9.5 for th e  AM  C V n 
s ta rs  in  th e ir  h igh  s ta te s , an d  th e  resu ltin g  d is tan ces d <  
100 pc for five of th e  six AM  C V n s ta rs  know n a t  th e  
tim e, W arn er (1995) derived  a local space d en s ity  p(0) ~  
3 x 10-6  p c -3  for th e  system s th a t  a re  (m ostly) in  a  h igh  
s ta te .
O u r H S T  p a ra llax es show  th a t  th e  ab so lu te  m agn i­
tu d e  in  th e  h igh  s ta te s  is close to  MV =  6, sign ifican tly  
b rig h te r  th a n  th e  value used  by  W arn er (1995). D espite  
th e  increase in  th e  nu m b er of know n AM  C V n s ta rs  in  
recen t years, m a in ly  due to  th e  S loan D ig ita l Sky S urvey 
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—0.16 ±  0.05
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M v 4 90+°.37 4. —0.45 6 75+°.16 6. ' 5 —0.17 r. 7/1+0.32 6.74—0.33 5 93+°.28 5.93 —0.29 11 54+°.1311.54 — °13
of know n system s th a t  have h igh  s ta te s  o f m V <  14.5 
is s till four. I t  w ould th u s  seem  th a t  we can  lower th e  
es tim a tes  by  W arner (1995) th a t  w ere based  on th is  sam ­
ple. W e em ploy th e  “1/V max” m e th o d  of S chm id t (1975), 
generalized  to  include th e  v a ria tio n  of space d en s ity  w ith  
G alac tic  heigh t:
1 1
P{0) ¡ora^ d r p ( z ) / p ( 0)
(5)
H ere r max is th e  m ax im u m  d is tan ce  a t  w hich an  o b jec t 
w ould s till ju s t  belong  to  th e  sam ple  a t  m V =  14.5 
given its  M V, an d  0 <  ß  < 1 is an  (unknow n) com ­
p le teness p a ra m e te r  th a t  co rrec ts  for th e  system s th a t  
w ould  have belonged  to  ou r sam ple  h a d  th e y  been  dis­
covered. T h e  decrease in  space d en sity  w ith  G alactic  
h e igh t z =  r  s inb , i.e. th e  te rm  p (z ) /p (0 ) ,  is m odeled  as 
in  S ection  3.1 (Eq. (2 )). S um m ing over th e  four know n 
o b je c ts  in  ou r sam ple th e n  leads to  a local space d en sity  
of p(0) =  2 x 10- 8 ß -1  p c -3  for th e  sh o rt-p e rio d  AM 
C V ns th a t  have h igh  s ta te s . A ssum ing a sam ple com ­
p le teness ß  of on ly  10%, based  on  th e  n o tio n  th a t  th e re  
a re  s till la rge p a r ts  o f th e  sky  such as th e  G alac tic  P lan e  
th a t  are p o o rly  surveyed, ou r resu lt is s till an  o rd er of 
m ag n itu d e  lower th a n  W a rn e r’s (1995) e s tim a te  for th is  
p o p u la tio n .
If  we com bine th e  above resu lt w ith  th e  n o tio n  th a t  AM 
C V n s ta rs  w ith  o rb ita l p erio d s P orb <  2000 s a re  observed  
to  b e  in  a h igh  s ta te  a t  leas t som e of th e  tim e, a n d  we 
com pare  w ith  ev o lu tio n a ry  p red ic tio n s th a t  on ly  a b o u t 
2% of th e  local AM  C V n p o p u la tio n  shou ld  cu rre n tly  be 
a t  these  or sh o r te r  o rb ita l periods (N elem ans e t al. 2001,
2004), we arrive  a t  a  local space d en sity  es tim a te
p(0) «  1 x 10- 6 ß -1  p c -3  (6)
for th e  en tire  AM  C V n p o p u la tio n , inc lud ing  th e  o ld  an d  
d im  ones a t  long o rb ita l periods.
If  we aga in  allow  for a sam ple com pleteness ß  of only  
10%, o u r space d en s ity  for th e  en tire  p o p u la tio n  is still 
an  o rd er o f m a g n itu d e  lower th a n  p red ic tions from  p o p u ­
la tio n  syn thesis  m odels by  N elem ans e t al. (2001, 2004), 
w hich in d ica te  p(0) ~  1 x 10-4  p c -3  (th e re  is a sm all 
d ep en d en cy  of ou r ‘ob se rv ed ’ space d en s ity  on th e  p o p ­
u la tio n  m odels, because th e  2% frac tion  of system s a t 
P orb <  2000s w as derived  from  th em ). I t  th u s  ap p ears
th a t  space d en sity  es tim a tes  -  b o th  of th e  b rig h t, sho rt- 
p e rio d  ones an d  of th e  en tire  p o p u la tio n  -  have so far 
b een  to o  h igh  by  a b o u t an  o rd er of m ag n itu d e . T he 
sam ple  com pleteness e s tim a te  ß  is nevertheless still very  
u n ce rta in , an d  a m ore hom ogeneous sam ple  of AM  C V n 
s ta rs  will b e  needed  to  b rin g  dow n th e  co rrespond ing  u n ­
c e r ta in ty  in  th e  space d en sity  (Roelofs e t al. 2007b).
4.3. M ass A ccretion  R ates
F rom  th e  ab so lu te  m ag n itu d es  we can  e s tim a te  th e  
m ass accre tion  ra te s , M , in  ou r AM  C V n s ta rs , assum ­
ing th a t  th e  observed  flux is d o m in a te d  by  th e  accretion  
lum inosity . For th is  we need  to  e s tim a te  w h a t frac tio n  of 
th e  to ta l  accre tion  lum in o sity  of th e  s ta rs  is em itte d  in  
th e  V  band ; th a t  is, we need  th e  b o lom etric  co rrec tion .
To d e te rm in e  th is  co rrec tion , we com pose th e  sp e c tra l 
energy  d is trib u tio n s  (SED s) for all system s excep t G P  
C om , based  on th e  o p tica l fluxes, arch ival IU E  sp e c tra  
covering th e  far- an d  near-U V , an d  th e ir  2M ASS d e tec­
tions. See F ig u re  1. T h e  m ost re liab le  SED s are  th o se  of 
th e  n o n -o u tb u rs tin g  sy stem s AM  C V n an d  H P  Lib; th a t  
o f AM  C V n has th e  ad d itio n a l ad v an tag e  th a t  th e  ex tin c ­
tio n  tow ards AM  C V n is low th a n k s  to  its  h igh  G alac­
tic  la titu d e , reducing  th e  im p ac t o f u n ce rta in tie s  in  th e  
ex tin c tio n  co rrec tion . W e see th a t  th e  slopes of th e  U V  
sp e c tra  suggest a t  least ~ 3 0 k K  ‘b la ck b o d y ’ com ponen ts, 
a lth o u g h  b o th  in  th e  in fra red  an d  a t  th e  far-U V  en d  of 
th e  sp e c tra  th e re  is a  flux excess re la tiv e  to  a 30 kK  black- 
body, in d ica tin g  th a t  th e  system s are n o t d escribed  p e r­
fectly  by  a s in g le -tem p era tu re  b lackbody. A t th e  far-U V  
end , we could  be seeing a co n trib u tio n  from  th e  acc re t­
ing  w h ite  dw arf, w hich is ex p ected  to  have an  effective 
te m p e ra tu re  of ~ 4 0 k K  (B ildsten  e t al. 2006). However, 
th is  co n trib u tio n  to  th e  U V  flux h as to  be sm all since 
th e  qu iescen t m ag n itu d es  of V803 C en an d  C R  B oo in ­
d ic a te  th a t  th e  accre to r co n trib u te s  no  m ore th a n  a few 
p e r cen t o f th e  ligh t in  th e  o p tical, w hile th e  accre to r 
is n o t ex p ected  to  b e  m uch  h o tte r  th a n  th e  disk. T he 
d o n o r s ta r  is ex p ected  to  have an  effective te m p e ra tu re  
o f on ly  a few th o u sa n d  K elv in  (C. Deloye, p riv a te  com ­
m un ica tion ; Deloye e t al. 2007), w hile i t  shou ld  n o t be 
la rg e r th a n  th e  disk; th e re fo re  it shou ld  n o t c o n trib u te  
sign ifican tly  to  th e  SED  e ither. T h u s we are m ost likely 
seeing a d isk  w ith  a ran g e  of te m p era tu re s .
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W e first derive a m in im u m  b o lom etric  co rrec tio n  (BC) 
for AM  C V n by  sum m ing  all th e  observed  fluxes, w ith o u t 
e x tra p o la tin g  beyond  th e  observed  w avelengths. T his 
yields a lower lim it of BC  <  - 2 .2 .  W e th e n  have to  es­
t im a te  how  m uch ad d itio n a l flux is beyond  th e  observed  
w avelengths. B y  far th e  la rg est p a r t  o f th is  flux will be a t 
w avelengths sh o r te r  th a n  th e  observed  range . F rom  th e  
slopes of th e  far-U V  sp e c tra , w hich do  n o t a p p e a r to  be 
f la tten in g  off th a t  m uch tow ards sh o rte r  w avelengths, we 
e s tim a te  th a t  th e y  con tinue as 30 kK  b lackbodies. W ith  
th is  e s tim a ted  e x tra  flux th e  to ta l  bo lom etric  co rrec tion  
becom es B C  =  - 2 .5  ±  0.3, w here th e  e rro r h as  been  es­
tim a te d  by  considering  a 40 kK  in s tea d  of a 30 kK  black- 
body. G iven th e  s im ila rity  of th e  SED s, we assum e th is  
bo lom etric  co rrec tio n  for all system s (a lth o u g h  C R  B o o ’s 
IU E  sp e c tru m  has a lower U V  flux co m p ared  to  its  aver­
age o p tica l flux, we assum e th a t  th is  is due to  its  o u tb u rs t 
b eh a v io r) .
T h e  excep tion  is G P  Com , w hich is th o u g h t to  be 
in  a s ta b le  s ta te  o f low m ass tran sfe r. I ts  SED  has 
been  show n to  m a tch  ra th e r  well w ith  a Teff =  11 kK  
b lackbody, w hich is ex p ected  to  be th e  accre tin g  w hite  
d w arf (B ild s ten  e t al. 2006), p lus helium  em ission lines 
from  th e  accre tion  d isk  w hich ap p e a rs  o p tica lly  th in  
in  th e  con tinuum . W e have th e re fo re  used  a bo lom et- 
ric co rrec tio n  ap p ro p ria te  for an  11 ±  1 kK  b lackbody: 
B C cp co m  =  - 0 .5  ±  0.2. Since th e  te m p e ra tu re  of th e  
accre ting  w h ite  d w arf we see to d a y  is p ro b ab ly  se t by  ac­
c re tion  h ea tin g  th a t  occu rred  a long tim e ago, w hen G P  
C om  w as a m uch  sh o rte r-p e rio d  b in a ry  w ith  m uch  h igher 
M  (B ildsten  e t al. 2006), we can  on ly  p u t an  u p p e r lim it 
to  G P  C o m ’s p rese n t-d ay  accre tion  ra te .
F or a given sy stem  w ith  a given B C , we can  derive th e  
bo lom etric  lum inosity , L , an d  com pare  w ith  th e  value
M 2 an d  th e  acc re to r m ass M i, an d
(7)
expected  for conservative m ass tran sfe r  th ro u g h  a K eple- 
r ia n  (i.e. v iria lised) disk, w here $  is th e  R oche p o ten tia l, 
a t  th e  inner L ag range p o in t L 1 an d  th e  surface of th e  
accre tin g  s ta r  ñ 1. Since th e  accre tin g  w h ite  dw arf is ex­
p ec te d  to  be ra th e r  h o t due to  accre tion -induced  h ea tin g  
(B ild s ten  e t al. 2006), a t  least for th e  four b rig h t sys­
tem s, we use acc re to r rad ii th a t  a re  5 -10%  (depend ing  on 
m ass) la rg e r th a n  th e  idealized  z e ro -te m p e ra tu re  rad ii, 
based  on th e  m a ss -ra d iu s  re la tio n s given by  P an ei e t al. 
(2000). T hese  co rresp o n d  to  a core te m p e ra tu re  of a b o u t 
3 x 107 K  in  th e  m odels of B ild sten  e t al. (2006, 2007).
W e can  th e n  link  th e  m ass tran sfe r  ra te  to  th e  com po­
n en t m asses by  assum ing  th a t  g rav ita tio n a l-w av e  losses 
d rive  th e  evo lu tion  of th e  system , as is com m only  as­
sum ed  (e.g. Deloye e t al. 2005; M arsh  e t al. 2004), an d  
req u irin g  th a t  th e  seco n d ary  fill its  R oche lobe. T his 
gives an  equ ilib rium  m ass tran sfe r  ra te
2m  = j __________
M 2 J  C2 +  5 /3  — 2q
(8)
w here th e  an g u la r m o m en tu m  loss due to  th e  em ission 
of g ra v ita tio n a l waves is given by
J
J
32 G 3 M 1M 2(M 1 +  M 2)
5 c5
(9)
(L a n d au  & L ifschitz 1971), q =  M 2/ M 1 is th e  m ass ra tio  
of th e  b inary , a  is th e  se p a ra tio n  betw een  th e  donor m ass
C2 =
d  log R 2 
d  log M 2
(10)
expresses th e  m a ss-ra d iu s  re la tio n  of th e  m ass-losing 
s ta r . T h e  la t te r  m ay  ran g e  from  Z2 «  - 0 .0 6  for a  sem i­
d eg en era te  helium  o b je c t based  on  ev o lu tio n a ry  ca lcu la­
tions by  T u tukov  & Fedorova (1989) as p a ra m e te rize d  by  
N elem ans e t al. (2001), to  Z2 «  - 1 / 3  for an  (idealized) 
ze ro -te m p e ra tu re  w h ite  dw arf.
F or a given m ass ra tio  q a n d  a choice of m a ss -ra d iu s  re­
la tio n  for th e  seco n d ary  s ta r  Z2, th e  m ass of th e  secondary  
M 2 is now  fixed by  th e  observed  b o lom etric  lum inosity , 
if  one m akes th e  cruc ia l assu m p tio n  th a t  th e  p resen t- 
d a y  accre tion  ra te  co rresponds to  th e  b in a ry ’s equilib ­
r iu m  ra te  for g rav ita tio n a l-w av e-d riv en  m ass tran sfe r. A t 
p resen t on ly  G P  C om  (S teeghs e t al. in  p re p a ra tio n )  an d  
AM  C V n (Roelofs e t al. 2006b) have a d irec tly  m easu red  
m ass ra tio ; for th e  o th e r  th re e  we can  e ith e r  es tim a te  
th e  p r im a ry ’s m ass, o r th e  m ass ra tio . In  Roelofs e t al. 
(2006b) we derive a  p r im a ry  m ass M 1 «  0 .7M 0  for AM 
C V n, an d  com bined  w ith  th e  m ass d is tr ib u tio n  of single 
w h ite  dw arfs (e.g. B ergeron  e t al. 1992), it w ould seem  
reasonab le  to  a d o p t a  sim ilar canon ical w h ite  d w arf m ass 
for th e  accre to rs  in  H P  Lib, C R  B oo, an d  V 803 Cen.
W e do, how ever, have one ad d itio n a l piece of in ­
fo rm a tio n  on  these  th ree  system s: th e y  all show  ‘su ­
p e rh u m p ’ p erio d s (P sh) in  tim e-series p h o to m e try  (e.g. 
P a tte r s o n  e t al. 1997, 2000, 2002), w hich are  th o u g h t to  
be due to  a tid a l resonance betw een  th e  accre tion  disk 
a n d  th e  seco n d ary  s ta r . O b serv a tio n ally  an d  th e o re ti­
cally, it has  been  found  th a t  th e re  ex ists  a (rough ly  lin­
ear) re la tio n  betw een  th e  su p e rh u m p  p erio d  excess e, de­
fined as
Psh -  Pforb
P orb
(11)
a n d  th e  m ass ra tio  q, a t  least for th e  hydrogen-rich  C a t­
aclysm ic V ariables (P a tte rso n  e t al. 2005; W h ite h u rs t 
1988; W h ite h u rs t & K ing  1991; H irose & O saki 1990). 
To d a te , th e re  is on ly  one AM  C V n s ta r  for w hich we have 
b o th  a k in em atica lly  derived  m ass ra tio  an d  a su p e rh u m p  
p erio d  excess, nam ely  AM  C V n itse lf  (Skillm an e t al. 
1999; Roelofs e t al. 2006b). W e m ay  e s tim a te  m ass ra ­
tio s  for H P  L ib, C R  B oo, an d  V803 C en  by  assum ing  a 
lin ear e(q) re la tion ,
e ( q ) = 0 .1 2 q (12)
for th em , based  on  q =  0.18, e =  0.0218 m easu red  for 
AM  C V n. T h e  resu ltin g  m ass ra tio s  for H P  Lib, C R  
B oo an d  V 803 C en are show n in T able 2 . T h e  first 
tw o of these  are a b o u t tw ice as la rge as those  used  by  
Deloye e t al. (2005), w ho em ploy  an  e(q) re la tio n  th a t  
is based  on fits to  num erical s im u la tions of accretion  
d isks in  hydrogen-rich  CVs, as given by  W arner (1995). 
A d o p tin g  in s tea d  th e  em pirica l e(q) for hydrogen-rich  
CV s from  P a tte rso n  e t al. (2005) a lread y  yields la rger 
m ass ra tio s  th a n  th e  ones used  in  Deloye e t al. (2005), 
b u t  still sm aller th a n  ours. O ur m ass ra tio  e s tim a te  for 
V 803 C en is also m uch la rger relative  to  th e  o th e r  sys­
tem s th a n  th e  one used  b y  Deloye e t al. (2005); th is  is 
du e  to  a new  ro b u s t m easu rem en t o f V803 C e n ’s o rb ita l 
period , as will be d iscussed  in  section  4 .5 . A lthough  our 
e(q) re la tio n  is u n c e r ta in  since it  is based  solely on  AM
e =
4a
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C V n (see also P earso n  2007 for a recen t d iscussion), i t  is 
p ro b ab ly  th e  b es t we can  do u n til in d ep en d en t m ass ra tio  
m e asu rem en ts  becom e available for m ore AM  C V n sta rs . 
W e choose to  em ploy th is  e(q) re la tio n  com bined  w ith  
th e  know n su p e rh u m p  excesses for H P  Lib, C R  B oo, an d  
V803 C en to  e s tim a te  th e ir  ind iv id u al m ass ra tio s , ra th e r  
th a n  assum e a canon ical p r im a ry  m ass for all th ree .
Lastly , a co rrec tio n  h as  to  be m ade for th e  in c lin a tio n  
i o f th e  b inary , since th e  ‘a p p a re n t ab so lu te  m a g n itu d e ’ 
(W arner 1995) d epends on th e  inc lina tion . W e th u s  link 
th e  observed  ab so lu te  m a g n itu d e  M V from  T able 2 to  
th e  p resum ed  accre tion  lum in o sity  M boi(M 1, M 2) due to  
g rav ita tio n a l-w av e  ra d ia tio n  v ia
M V =  M bol(M 1, M 2) -  BC +  A M V(i) (13)
w here
cos i
A M y (*) =  - 2 .5 1 o g ^ — J  (14)
is th e  co rrec tio n  du e  to  th e  observer observ ing  a  differ­
en t a rea  of th e  disc th a n  th e  d irec tion -averaged  value, 
(cos i) =  0.5 (th e  unknow n effect o f lim b dark en in g  is n o t 
ta k e n  in to  accoun t). For H P  L ib an d  V 803 C en  th e  in ­
c lin a tio n  is co n s tra in e d  by  spectroscop ic  m easu rem en ts  
of th e  velocity  am p litu d e  of th e  ‘b rig h t s p o t’ (th e  p re ­
sum ed  accre tio n  s tre a m -a c c re tio n  d isk  im p a c t region) 
in  these  system s (Roelofs e t al. 2007a; see also section  
4 .5 ) . W e m ake th e  assu m p tio n  th a t  th e  rad ia l velocity  
sem i-am plitude  of th e  donor s ta r  is equal to  th a t  o f th e  
b rig h t sp o t, w hich is u sua lly  a good  e s tim a te . S im ilar 
d a ta  does n o t ex ist for C R  B oo an d  we th u s  a d o p t th e  
value of i =  30° derived  from  sp e c tra l line m odeling  by 
N asser e t al. (2001), w ith  th e  sideno te  th a t  th e ir  m odel- 
derived  inc lin a tio n s for AM  C V n, H P  L ib, an d  V 803 C en 
are  in  excellent ag reem ent w ith  th e  k in em atica lly  derived  
values. T able 2 lis ts  th e  inc lin a tio n s we em ploy  for all 
system s.
W ith  th e  above assu m p tio n s we have all th e  ing red ien ts 
needed  to  solve for th e  m asses an d  m ass tran sfe r  ra te s  
of ou r AM  C V n s ta rs : for a given m ass ra tio  q, th e re  is 
on ly  one se t o f M i a n d  M 2 for w hich th e  resu ltin g  ac­
c re tio n  lum inosity  d riven  by  g rav ita tio n a l-w av e  em ission 
m a tch es w ith  th e  observed  lum inosity . F or AM  CV n, 
w hich h as a k in em atica lly  m easu red  m ass ra tio , th e  dom ­
in a n t co n trib u tio n s  to  th e  e rro r on  th e  m ass tran sfe r  ra te  
a re  th e  e rro r  on  its  ab so lu te  m a g n itu d e  M V an d  th e  u n ­
c e r ta in ty  in  th e  bo lom etric  co rrec tion . F or H P  Lib, C R  
B oo, an d  V803 Cen, we consider th e  u n c e r ta in ty  on th e ir  
tru e  m ass ra tio s  to  be th e  m ost im p o r ta n t fac to r. T he 
e rro rs  on  th e  m ass tran sfe r  ra te s  for these  system s are  es­
tim a te d  by  vary ing  q b y  ± 5 0 %  from  th e  ‘b es t e s tim a te s ’ 
given in  T able 2 . T h e  resu ltin g  lower lim its  th e n  co rre­
spo n d  to  th e  low m ass ra tio s  em ployed by  Deloye e t al. 
(2005), w hile th e  resu ltin g  u p p e r lim its  co rresp o n d  to  qs 
th a t  are such  th a t  qHPLib coincides w ith  ou r k in em ati­
ca lly  m easu red  qAMCVn, w hich one m igh t expect if  th e y  
sh a re  a s im ilar ev o lu tio n a ry  h isto ry , given th e ir  sim ilar 
o rb ita l period . N ote th a t  these  ranges in  q give ran g es of 
M 2 an d  M 1 (see T able 2) th a t  a re  an ti-co rre la ted . For 
G P  Com , as m en tioned , we can  p u t u p p e r lim its  on  th e  
accre tio n  ra te  b y  assum ing  th a t  th e  accre tio n  lum inosity  
h as  to  be less th a n  th e  observed  lum inosity  (th e  la tte r  
of w hich is p ro b ab ly  due in  p a r t  to  th e  accre ting  w hite  
d w arf) . T h is leads to  u p p e r lim its  on  M 1,2 u n d er th e
assu m p tio n  th a t  th e  m ass tran sfe r  ra te  is set by  th e  ra te  
o f g rav ita tio n a l-w av e  em ission. T h e  lower lim its  on  M i ,2 
co rresp o n d  to  th e  m in im um  m ass a R oche-lobe-filling he­
lium  o b je c t can  have a t  th e  observed  o rb ita l p e rio d  of G P  
Com .
W e can  com pare  ou r values to  those  o b ta in ed  by  
N asser e t al. (2001) from  sp e c tra l m odeling  of th e  ac­
cre tion  disks in  these  system s. W ith  ou r la rger d istance  
for AM  C V n, th e  accre tio n  ra te  based  on  th e ir  m odels 
shou ld  be a b it la rger th a n  ou r value, a t  MAMCVn ~  
1 x 10-8  M 00/y r  (J .-E . Solheim , p riv a te  com m unication). 
For th e  o th e r  system s th e y  find M  ~  4 x 10-9  M 0 /y r ,  
w hich is aga in  la rg e r th a n  o u r values of M  ~  1 x 
10-9  M 0 /y r .  E l-K h o u ry  & W ick ram asinghe  (2000) on 
th e  o th e r  h a n d  find MAMCVn ~  2 x 10-9  M 0 /y r ,  also 
from  sp e c tra l m odeling  of th e  accre tion  disk, w hich is 
lower th a n  ou r value. T h e ir  value of M CRBoo ~  1 x 
10-9  M 0 / y r  is close to  ours.
4.4. T he N ature  o f the D onor S tars
T h e m ost su rp ris in g  resu lt of ou r H S T  p a ra llax es is th e  
la rge  d is tan ce  to  AM  C V n, w hich exceeds every  prev ious 
es tim a te . T h e  resu ltin g  la rge lum in o sity  of AM  C V n al­
re a d y  suggests a re la tiv e ly  h igh  m ass accre tio n  ra te . In  
a d d itio n  to  th e  large d is tan ce  found here, AM  C V n ’s 
recen tly  m easu red  m ass ra tio , too , w as found  to  be sig­
n ifican tly  la rg e r th a n  p rev iously  th o u g h t (Roelofs e t al. 
2006b). W ith  these  tw o pieces of in fo rm atio n  we could  
solve se lf-consisten tly  for th e  m asses of th e  com ponen ts 
(w ith in  th e  assu m p tio n s o u tlin ed  in  S ection  4 .3 ), an d  
p rov ide s tro n g  evidence th a t  th e  dono r s ta r  in  AM  C V n 
is a re la tiv e ly  m assive, sem i-degenerate  helium  ob jec t.
F or H P  Lib, C R  B oo, an d  V 803 Cen, th e re  is a la rger 
u n c e r ta in ty  in  th e  m asses of th e  com ponen ts due to  th e  
la rg e r u n ce rta in tie s  on  th e ir  m ass ra tio s , as d iscussed  in  
th e  prev ious section . N evertheless, if  we com pare  th e  
d a ta  w ith  ev o lu tio n a ry  p red ic tio n s for fu lly -degenerate  
a n d  sem i-degenerate  dono rs (see F ig u re  2 ) , th e  d a ta  are 
seen to  favor ra th e r  m assive, sem i-degenerate  donor s ta rs  
in  all system s b u t G P  Com . T h is agrees q u a lita tiv e ly  
w ith  th e  accre tion  d isk  m odels o f N asser e t al. (2001), 
b u t  d isagrees w ith  E l-K h o u ry  & W ick ram asinghe  (2000) 
w ho find a fu lly -degenerate  donor in  AM  CV n.
I t  shou ld  be n o te d  th a t  th e re  is a se lection  effect 
ag a in s t fu lly -degenerate  dono r s ta rs , since AM  C V n s ta rs  
w ith  sem i-degenerate  donors a re  ex p ected  to  be b rig h te r  
a t  sh o rt o rb ita l periods due to  th e  h igher m ass accre­
tio n  ra te s . A t long o rb ita l p erio d s th is  is p a r tia lly  
offset by  th e  fact th a t  sem i-degenerate  system s evolve 
to  lower accre tio n  ra te s  m ore quickly. If  we evolve a 
fu lly -degenerate  an d  a sem i-degenerate  system , based  
on  th e  p a ra m e te r iz a tio n  of N elem ans e t al. (2001), we 
see th a t  sem i-degenerate  dono rs a re  in  a b rig h t s ta te  
a b o u t tw ice as long, w here we ta k e  ‘b rig h t s ta te ’ to  be 
M 2 ~  10-8  -  10-10 M 0 /y r ,  i.e. a s ta te  co rrespond ing  to  
th e  four b rig h t AM  C V ns u n d e r co n sid era tio n  here. See 
F ig u re  3 .
W e th u s  observe four re la tiv e ly  m assive, sem i­
d eg en era te  system s o u t o f five, w ith  a p o te n tia l factor- 
of-tw o selection  effect in  favor o f th e  sem i-degenerates. 
W e can  conclude th a t  a t  least a sign ifican t fraction , 
a n d  possib ly  all, o f th e  sh o rt-p e rio d  system s (a t P orb <
2000 s) have h o t, sem i-degenerate  dono rs ra th e r  th a n
H S T /F G S  Parallaxes of AM CVn Stars
Apparent Mass Accretion Rates,
TABLE 2
Inferred Masses, and Gravitational-Wave Strain Amplitudes







43 ±  2 
-2 .5  ±  0.3
1103 
0.06 -  0.18b 
26 -  34 
-2 .5  ±  0.3
1471 
0.04 -  0.13b 
30 c 
-2 .5  ±  0.3
1596 
0.05 -  0.14b 
12 -  15 




-0 .5  ±  0.2
M (M0 yr-1 ) 7.1-1 ■ 5 x 10-9 [0.81 -  2.2] x 10-9 [0.38 -  1.2] x 10—9 [0.57 -  1.6] x 10—9 < 3.6 ±  0.5 x 10—12
M2 (M0) 
Mi (M0)
0.13 ±  0.01 
0.71 ±  0.07
0.048 -  0.088 
0.80 -  0.49
0.044 -  0.088 
1.10 -  0.67
0.059 -  0.109 
1.17 -  0.78
0.009 -  0.012 
0.50 -  0.68
L (W)d 
h
2.2-0 ' 8 x 1027 
2.0-0 ■ 3 x 10-22
3.4—0 ' 9 x 1026
3.7—0's x 10—22
3.5—1 ' ? x 1026 
2.1—0"5 x 10—22
6.5—1' " x 1026 
3.0—0 ' ? x 10-22
<1.1+0 ' 2 x 1024 
[4.0 -  6.6] x 10—23
a Measured from kinematics.b Inferred from superhump period; note the differences with Table 1 of Deloye et al. (2005).c From Nasser et al. 
(2001).d Inferred accretion luminosity, Eq. (7).
cold, d eg en era te  ones. AM  C V n s ta rs  w ith  such ho t, 
sem i-degenerate  dono rs a re  ex p ected  n a tu ra lly  from  th e  
h e liu m -sta r channel (N elem ans e t al. 2001), b u t a frac­
tio n  of AM  C V n p ro g en ito rs  in  th e  W D  channel a re  also 
expected  to  s till have h o t donors u p o n  com ing in to  con­
ta c t  (Deloye e t al. 2005). Conceivably, i t  could  be p re ­
d o m in a n tly  th is  h o t frac tion  of system s th a t  surv ive as 
AM  C V n s ta rs  in  th e  W D  channel, since th e  m ass t ra n s ­
fer ra te  u p o n  R oche-lobe overflow can  be u p  to  tw o or­
ders o f m a g n itu d e  lower th a n  for cold, d eg en era te  donors 
(N elem ans e t al. 2001; Deloye e t al. 2005, 2007). A n­
o th e r  possib ility  w ould be th a t  cold w h ite  d w arf donors 
in  th e  W D  channel a re  reh e a te d  a t  som e stage, for in ­
s tan ce  by  tid a l h ea tin g  close to  o rb ita l p e rio d  m in im um  
(e.g. Ib en  e t al. 1998) or in  a th e rm o n u c lea r event such 
as those  p ro p o sed  by  B ild sten  e t al. (2007). In te rp re ta ­
tio n  of ou r resu lts  in  te rm s  of th e  ev o lu tio n a ry  h is to ry  
of th e  system s requ ires a m ore d e ta iled  s tu d y  of these  
effects. O f p a r tic u la r  in te re s t w ould  be a com parison  b e­
tw een H P  L ib  an d  AM  C V n, w hose donor s ta rs  a p p e a r 
to  have a d ifferent level o f degeneracy  desp ite  th e ir  o th e r­
wise iden tica l ap p e a ran c e  (Roelofs e t al. 2006b, 2007a). 
A k in em atic  m easu rem en t of H P  L ib ’s m ass ra tio  w ould 
be needed  to  d e te rm in e  w h e th e r its  donor s ta r  is tru ly  
m ore degenerate .
W e rem a rk  th a t  th e re  is one, b u t rea lly  on ly  one, c ru ­
cial assu m p tio n  in  o u r analysis th a t  leads us to  conclude 
th a t  th e  donor s ta rs  in  AM  C V ns are  sem i-degenerate  
o b jects , nam ely, th a t  th e  m ass tran sfe r  ra te  is se t b y  th e  
em ission of g rav ita tio n a l waves. If  th e re  shou ld  be an  ad ­
d itiona l, d o m in a n t d river of m ass tran sfe r, we could  be 
ov erestim atin g  th e  m asses enough  (based  on th e  observed  
lum inosities) th a t  th e  donors could  in  rea lity  be fully de­
generate . W ith in  th e  assu m p tio n  of g rav ita tiona l-w ave- 
d riven  m ass tran sfe r, th e  resu lt th a t  th e  donors a re  sem i­
d eg en era te  is q u ite  ro b u st. T h is is a consequence of th e  
accre tion  lum in o sity  due to  g rav ita tio n a l waves being  
s tro n g ly  d ep e n d en t on  th e  m asses of th e  s ta rs , as can  
read ily  be ju d g e d  from  Eqs. (7)- (9 ) . T h e  u n c e r ta in ty  in  
th e  in ferred  m asses is the re fo re  sm all co m p ared  to  th e  
u n ce rta in tie s  in  th e  b o lom etric  lum inosities o f th e  sys­
tem s.
T h e  possib ility  o f th e  m ass tran sfe r  ra te  (due to  g rav i­
ta tio n a l waves) being  o u t o f equ ilib rium  c a n n o t be ru led  
o u t, b u t we do  rem a rk  th a t  i t  is q u ite  difficult to  change 
th e  dono r s t a r ’s rad iu s  by  for in stan ce  ir ra d ia tio n , since
th e  s tru c tu re  of th e  donor s ta r  is la rge ly  se t by  degen­
e racy  p ressu re  (C. Deloye, p riv a te  com m unication ). A t 
la te  tim es (P orb ^  45 m in) a ho t, sem i-degenerate  dono r 
m ay  s ta r t  to  cool an d  c o n tra c t to w ard s a fu lly -degenerate  
s ta te , w hich could  cause th e  m ass tran sfe r  ra te  to  go 
dow n te m p o ra r ily  (Deloye e t al. 2007). T h is m ay  be rel­
evan t for G P  Com .
4.5. The M ass R a tio  o f V803 C en
T h e sm all m ass ra tio  o f V803 Cen, qv803Cen =  0.016, 
im plied  by  th e  sm all su p e rh u m p  p erio d  excess as ob­
ta in e d  from  P a tte rso n  (2001) by  Deloye e t al. (2005) an d  
o thers, leads to  a necessarily  la rge  acc re to r m ass close 
to  th e  C h a n d ra se k h a r lim it, an d  a sm all donor m ass 
close to  th e  m in im um  m ass for a R oche-lobe filling sec­
o n d a ry  (co rrespond ing  to  a  cold, fu lly -degenerate  ob­
je c t) . T h is  w as a lre ad y  n o te d  by  Deloye e t al. (2005). 
G iven these  im plica tions, i t  shou ld  be n o te d  th a t  V803 
C en is th e  one system  for w hich th e  p h o to m e tric  su p e r­
hu m p  p erio d  excess ap p e a red  to  be u n c e r ta in  due to  an  
u n c e r ta in  iden tifica tion  of th e  1611-second o rb ita l p e rio d  
(see also P a tte rso n  e t al. 2000), w hich h as nevertheless 
en tered  th e  lite ra tu re  (P a tte rso n  2001, P a tte rso n  e t al. 
2002, W oud t & W arner 2003, Deloye e t al. 2005).
W e have recen tly  m easu red  a sign ifican tly  sh o rte r  or­
b ita l period , P V803Cen =  1596.4 ±  1.2 seconds, from  VLT 
spectro scopy  (Roelofs e t al. 2007a). T h e  m ass ra tio  we 
use in  th is  p ap e r is th e  one we o b ta in  from  th e  co rre­
spond ing  (larger) su p e rh u m p  p erio d  excess, v ia  re la tio n  
(12), aga in  w ith  a ± 50%  range . Since it  is n o t com plete ly  
clear w h e th e r th e  1618 s su p e rh u m p  p erio d  or th e  1611 s 
p e rio d  (b o th  from  P a tte rso n  e t al. 2000) is th e  m ore ap ­
p ro p ria te  one to  use for ca lcu la tin g  th e  su p e rh u m p  p erio d  
excess, we have used  th e  average of th e  two.
T h e  resu ltin g  m ass ra tio  qV803Cen =  0.05 — 0.14 lifts 
th e  s tro n g  c o n s tra in ts  on  th e  m ass of th e  donor (cf. 
Deloye e t al. 2005). A sem i-degenerate  dono r is th e n  
s tro n g ly  favored, as show n in Section  4.3, an d  th e  accre- 
to r  does n o t have to  be very  close to  th e  C h a n d ra se k h a r 
m ass in  o rd er to  exp la in  th e  observed  lum inosity  of th e  
system .
4.6. A M  C V n  S tars as Sources o f G ravita tional W aves
T h e u ltra -c o m p ac t n a tu re  of th e  AM  C V n s ta rs , com ­
b ined  w ith  th e  re la tiv e  p ro x im ity  of th e  know n system s, 
m akes th e m  th e  s tro n g es t know n sources of g ra v ita tio n a l
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Fig. 1.— Observed spectral energy distributions of AM CVn, HP Lib, CR Boo, and V803 Cen, compiled from archival IUE spectra 
(small dots), the optical V-band fluxes from table 1 (left-most large dot), and the near-infrared J-, H-, and K-band fluxes from 2MASS 
(three right-most dots). The solid lines are blackbody spectra of Tff =  10 -  35 kK in steps of 5kK (bottom to top) to get an idea of the 
temperatures. For CR Boo and V803 Cen, we selected the apparent high-state spectra from the IUE archives; however, we cannot exclude 
that they represent slightly lower intermediate states. For CR Boo this was definately the case for its short-wavelength (1150—2000 A) 
spectrum; we scaled it up to match the overlapping long-wavelength (1850—3350 A) IUE spectrum. Its UV flux still seems low with respect 
to the average optical flux and the 2MASS snapshots. The data have been corrected for extinction according to Cardelli et al. (1989) and 
assuming an RV = 3.1 extinction law.
waves in  th e  frequency  regim e covered by  space-borne 
g rav ita tio n a l-w av e  d e tec to rs  such as L IS A .
T h e m asses of th e  s ta rs , in ferred  from  th e ir  lum inosi­
ties, can  be used  to  es tim a te  th e  g rav ita tio n a l-w av e  s tra in  
a m p litu d es of ou r five AM  C V ns. T h e  g rav ita tiona l-w ave  
s tra in  am p litu d e  h is given by  (see Roelofs e t al. 2006b, 
a fte r  T im p an o  e t al. 2006)








w here M  =  (M i M 2)3/5/ ( M 1 +  M 2) 1/5 is th e  so-called 
ch irp  m ass, an d  d th e  d is tan ce  to  th e  s ta r . F ig u re  4 
show s th e  resu ltin g  s tra in  am p litu d es of o u r five system s.
T hese values are q u ite  insensitive to  th e  u n c e r ta in  m ass 
ra tio s  q of som e of ou r system s; th e ir  e rro rs  are dom ­
in a te d  by  th e  e rro rs  on  th e ir  b o lom etric  lum inosities. 
W e see th a t  th e  four sh o rt-p e rio d  system s are  all ex­
cellen t te s t  sources for L IS A , s ta n d in g  o u t sign ifican tly  
above b o th  th e  in s tru m e n t’s design  se n s itiv ity  an d  th e  
ex p ected  average G alac tic  b ack g ro u n d  signal (a lth o u g h  
a m ore rigo rous ana lysis  m ay  be needed  to  p red ic t th e ir  
ex ac t signa l-to -no ise ra tio s; see S tro eer & Vecchio 2006). 
T h e  es tim a tes  for th e  four b rig h t system s have gone up  
from  in itia l es tim a tes  by  N elem ans (2005) due to  th e ir  
ra th e r  m assive donors, an d  th e ir  re la tiv e ly  low inc lina­
tions. T h e  ex p e c ta tio n s  for G P  C om  rem a in  ra th e r  low: 
it does n o t s ta n d  o u t from  th e  in s tru m e n ta l an d  G alac­
tic  noise an d  will be m uch  m ore difficult to  identify. We
1d0
X
H S T /F G S  Parallaxes of AM CVn Stars
o g ( M 2/ M 0 )
Fig. 2.— Constraints on the masses and radii of the donor stars, 
compared to degenerate and semi-degenerate evolutionary tracks 
from Nelemans et al. (2001). The dotted diagonals represent the 
Roche-lobe filling solutions for the different systems. The solid- 
line regions represent the constraints on the masses from Table 2. 
We see that, apart from GP Com, the donors appear to be rather 
semi-degenerate.
d M 2/ d t  ( M 0 / y r )
Fig. 3.— Ratio of the integrated times spent at a given mass 
transfer rate or higher, for a 0.6 M0 white dwarf accreting from a 
fully degenerate (0.25 M0 ) and a semi-degenerate (0.2 M0 ) donor 
star as modeled by Nelemans et al. (2001). Semi-degenerate sys­
tems are seen to spend about twice as long at phases of relatively 
high mass transfer, 10—10 < M2 < 10 '8 M0 /yr, corresponding to 
the mass transfer rates found for AM CVn, HP Lib, CR Boo and 
V803 Cen.
n o te  th a t ,  as long as th e  u n c e r ta in ty  a b o u t th e  o rb ita l 
frequency  is la rger th a n  th e  frequency  reso lv ing  pow er 
of L IS A  ( A f  ~  t - 1  ~  10-8  Hz, for a  m ission d u ra tio n  
tobs =  1 y r), th e  chances of confusion w ith  G alac tic  noise 
sources decrease g re a tly  w ith  m ore ac cu ra te ly  know n o r­
b ita l p erio d s for these  system s. T h e  o rb ita l p e rio d  of AM 
C V n is know n to  an  accu racy  of b e t te r  th a n  one p a r t
lo g  f  ( H z )
Fig. 4.— Predicted gravitational-wave strain amplitudes h and 
frequencies ƒ of the five AM CVn stars for which we obtained an 
HST  parallax. The upper and lower dashed lines show the de­
sign sensitivities of LISA  for a signal-to-noise ratio of 5 and 1, re­
spectively, in one year of data-collecting (Larson et al. 2000). The 
solid line is a population synthesis prediction for the confusion- 
limited Galactic background, also for a mission duration of one 
year (Nelemans et al. 2004).
(P a m CVn =  1028.7322 ±  0 .0003s, S k illm an  e t al. 1999), 
an d  th e  o rb ita l p e rio d  of H P  L ib also seem s q u ite  secure 
(P h p Lib =  1102.70 ±  0 .05s, P a tte rso n  e t al. 2002), b u t 
th e  o rb ita l periods of especially  V803 C en an d  C R  Boo 
seem  to  be less w ell-know n. I t  w ould  be w orthw hile  to  
m easure  th e  o rb ita l periods of these  system s w ith  g rea te r  
accuracy.
G H A R , P J G  an d  L M R  are  su p p o rte d  by  N W O -V ID I 
g ra n t 639.042.201 to  P .J . G ro o t. G N  w as su p p o rte d  by  
N W O -V E N I g ra n t 639.041.405 to  G. N elem ans. T R M  
was su p p o rte d  by  a P P A R C  Senior R esearch  Fellow ship. 
DS acknow ledges a S m ith so n ian  A strophysical O bserva­
to ry  C lay  Fellow ship. S u p p o rt for th is  w ork w as prov ided  
by  N A SA  th ro u g h  g ran ts  G 0 -0 9 1 6 8  an d  G 0 -0 9 3 4 8  from  
th e  Space Telescope Science In s titu te , w hich is o p e ra te d  
by  A U RA , Inc., u n d e r N A SA  co n tra c t NAS 5-26555. 
T hese resu lts  are based  p a r tia lly  on  observa tions m ade 
w ith  th e  Isaac  N ew ton  Telescope an d  th e  W illiam  H er­
schel Telescope, o p e ra te d  on th e  is lan d  of L a P a lm a  by  
th e  Isaac  N ew ton  G ro u p  in  th e  S pan ish  O b serv a to rio  del 
R oque de los M uchachos of th e  In s t i tu to  de A strofísica 
de C an aria s , an d  ad d itio n a l obse rva tions o b ta in ed  w ith  
th e  M a g e llan -B aa d e  te lescope a t  L as C am p an as  O bser­
vatory , C hile. W e th a n k  Ja n -E rik  Solheim  an d  C hris 
Deloye for s tim u la tin g  discussion  d u rin g  th e  p re p a ra tio n  
of th is  p ap e r, an d  K en  S hen for k ind ly  p rov id ing  w hite  
dw arf m odel d a ta .
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TABLE 3
Log of Observations and FGS Photometry
Set MJD Roll (° )a Vb
AM CVn-1 52222.81198 217 14.02±0.01
AM CVn-2 52225.88485 58 14.01±0.01
AM CVn-3 52387.43705 217 14.04 ±0.02
AM CVn-4 52390.64253 33 14.03±0.01
AM CVn-5 52431.24828 33 14.03±0.01
AM CVn-6 52435.52559 58 13.99±0.01
AM CVn-7 52715.78999 58 14.01±0.01
AM CVn-8 52719.72357 359 14.04±0.02
AM CVn-9 52796.35781 359 14.04±0.02
AM CVn-10 52803.28106 58 14.03±0.02
CR Boo-1 52095.17132 82 14.51±0.03
CR Boo-2 52103.46567 82 14.16±0.01
CR Boo-3 52136.09742 83 14.36±0.01
CR Boo-4
CR Boo-5 52309.56485 273 13.93±0.03
CR Boo-6 52322.84773 273 15.99±0.04
CR Boo-7 52501.29821 83 15.88 ±0.04
CR Boo-8 52512.98296 87 15.96±0.02
CR Boo-9 52676.15807 273 15.61±0.04
CR Boo-10 52686.69897 273 15.07±0.01
V803 Cen-1 52112.02035 68 14.19±0.03
V803 Cen-2 52115.43291 68 13.50 ±0.05
V803 Cen-3 52161.84252 37 13.64 ±0.01
V803 Cen-4 52164.04853 37 15.68 ±0.08
V803 Cen-5 52294.81707 247 13.46±0.01
V803 Cen-6 52300.82760 247 13.51±0.01
V803 Cen-7 52526.14146 37 14.64 ±0.03
V803 Cen-8 52530.14615 37 13.85±0.04
V803 Cen-9 52659.74478 246 14.34±0.02
V803 Cen-10 52664.41432 246 13.69±0.04
HP Lib-1 52135.63781 74 13.61±0.03
HP Lib-2 52138.24565 74 13.62±0.01
HP Lib-3 52168.26915 80 13.59±0.02
HP Lib-4 52172.41573 80 13.59±0.02
HP Lib-5 52318.71790 256 13.60 ±0.02
HP Lib-6 52326.79246 256 13.60 ±0.02
HP Lib-7 52532.15146 80 13.57±0.02
HP Lib-8 52539.16093 80 13.58 ±0.02
HP Lib-9 52680.90353 256 13.56±0.02
HP Lib-10 52693.71125 256 13.54 ±0.02
GP Com-1 52088.34598 65 15.96±0.01
GP Com-2 52097.16817 65 15.99±0.01
GP Com-3 52234.70052 229 15.89±0.02
GP Com-4 52242.04902 229 15.92±0.01
GP Com-5 52270.97565 245 15.93±0.01
GP Com-6 52273.91306 245 15.94±0.02
GP Com-7 52598.75738 229 15.93±0.02
GP Com-8 52633.85590 244 16.01±0.02
GP Com-9 52637.92521 244 16.00 ±0.02
GP Com-10 52963.80643 229 15.89±0.01
a Spacecraft roll as defined in Chapter 2, FGS Instrument Handbook (Nelan & Makidon 2002).b Average of 2 to 4 observations at each 
epoch. Errors are internal and are the standard deviation at each epoch.
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TABLE 4 
Reference Star P ositions
ID Í a n a
AM CVnb
ref-2 -77.5390 0.0003 -137.4972 0.0002
ref-3 159.3017 0.0003 -173.8572 0.0002
ref-5 60.260 0.0003 -88.9279 0.0002
CR Booc
ref-2 -192.2319 0.0003 -49.5013 0.0002
ref-3 -242.6593 0.0002 -3.4712 0.0001
ref-4 304.3653 0.0003 -16.0044 0.0002
ref-5 250.2984 0.0006 19.8065 0.0004
ref-6 437.8449 0.0009 9.7262 0.0006
V803 Cend
ref-2 78.2233 0.0003 42.8896 0.0002
ref-3 -119.9175 0.0003 -26.1711 0.0002
ref-4 -55.0075 0.0002 110.9745 0.0002
ref-5 -122.0958 0.0002 67.3278 0.0002
ref-6 137.4346 0.0002 39.0072 0.0002
HP Libe
ref-2 89.3402 0.0003 -66.1514 0.0002
ref-3 249.1257 0.0003 -18.3677 0.0002
ref-4 9.8453 0.0004 77.8612 0.0003
ref-5 -4.4333 0.0003 55.4678 0.0002
ref-6 -311.6452 0.0003 -13.1930 0.0002
GP Comf
ref-2 81.0209 0.0002 33.9032 0.0001
ref-3 88.3580 0.0002 95.1984 0.0001
ref-4 80.9519 0.0002 -73.6567 0.0001
ref-5 105.5746 0.0003 30.4648 0.0002
ref-6 -103.6979 0.0002 101.5386 0.0002
a £ and n are relative RA and Dec in arcsecondsb 12h34m54S58, +37°37/43//4, J2000, epoch 2002.44c 13h48m55S29, +07°57/34//8, J2000,
epoch 2002.14d 13h23m44.51, -41°44/30/./4, J2000, epoch 2002.07e 15h35m53.08, --14° 13/ 12/./3, J2000, epoch 2002.14f 13h05m42S85,
+  18°01/02/./6, J2000, epoch 2001.99
TABLE 5
Reference Star Spectrophotometric Parallaxes
ID Spectral Type V Mv m -  M 7rabs(mas)
AM CVn 
ref-2 G4V 14.37 5.0 0.05 9.4±0.7 1.3±0.4
ref-3 K6V 15.15 7.6 0.05 7.5 0.7 3.2 1.0
ref-5 G4V 12.42 5.0 0.05 7.5 0.7 3.3 1.0
CR Boo 
ref-2 G9V 15.57 5.74 0.02 9.8 0.7 1.1 0.4
ref-3 M2III 11.40 -0 .6 0.02 12.0 0.7 0.4 0.1
ref-4a F2V 6.81 3.0 0.02 3.8 0.7 16.9 0.9
ref-5 G0V 14.82 4.4 0.02 10.4 0.7 0.8 0.3
ref-6 G7V 11.93 5.4 0.02 6.5 0.7 5.1 1.6
V803 Cen 
ref-2 K1V 15.86 6.2 0.31 9.7 0.7 1.3 0.4
ref-3 G4V 15.34 5.0 0.31 10.4 0.7 0.9 0.3
ref-4 F6.5V 13.38 3.8 0.31 9.6 0.7 1.4 0.4
ref-5 G6V 14.17 5.3 0.31 8.9 0.7 1.9 0.6
ref-6 F8V 14.15 4.0 0.31 10.2 0.7 1.1 0.4
HP Lib 
ref-2 F5V 12.86 3.5 0.34 9.4 0.7 1.6 0.5
ref-3 G9V 14.06 5.7 0.34 8.4 0.7 2.6 0.8
ref-4 K7V 12.57 7.9 0.34 4.7 0.7 14.0 4.5
ref-5 K4V 11.80 7.1 0.34 4.7 0.7 13.6 4.4
ref-6 A2.5V 14.60 1.3 0.34 13.3 1.0 0.3 0.1
GP Com 
ref-2 G0V 15.17 4.4 0.02 10.8 0.7 0.7 0.2
ref-3 G8V 14.39 5.58 0.02 8.8 0.7 1.7 0.6
ref-4 K0V 14.25 5.58 0.02 8.7 0.7 1.8 0.6
ref-5 K5V 13.56 7.4 0.02 6.2 0.7 5.7 1.9
ref-6 G8V 15.12 5.58 0.02 9.5 0.7 1.2 0.4
a =  HIP 67379
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TABLE 6
FGS and Near-IR Reference Star P hotometry
ID V K J  -  H J  -  K V -  K
AM CVn
ref-2 14.37 0.1 12.79 0.03 0.44 0.04 0.43 0.03 1.58 0.10
ref-3 15.15 0.1 12.09 0.02 0.74 0.04 0.82 0.03 3.06 0.10
ref-5 12.42 0.1 10.88 0.02 0.41 0.04 0.42 0.03 1.54 0.10
CR Boo
ref-2 15.57 0.1 13.64 0.05 0.47 0.05 0.48 0.05 1.93 0.11
ref-3 11.4 0.1 7.13 0.05 0.91 0.02 1.13 0.05 4.28 0.11
ref-4 14.8 0.1 5.93 0.01 0.21 0.04 0.22 0.02 0.87 0.05
ref-5 6.8 0.1 13.54 0.05 0.34 0.05 0.27 0.06 1.46 0.11
ref-6 11.89 0.1
V803 Cen
ref-2 15.86 0.1 13.42 0.04 0.53 0.04 0.62 0.04 2.44 0.11
ref-3 15.34 0.1 13.58 0.04 0.45 0.04 0.43 0.05 1.76 0.11
ref-4 13.38 0.1 11.96 0.02 0.29 0.03 0.33 0.03 1.42 0.10
ref-5 14.17 0.1 12.29 0.02 0.42 0.03 0.51 0.03 1.88 0.10
ref-6 14.15 0.1 12.45 0.03 0.35 0.03 0.36 0.04 1.70 0.10
HP Lib
ref-2 12.88 0.1 11.40 0.02 0.30 0.03 0.34 0.03 1.48 0.10
ref-3 14.11 0.1 11.93 0.02 0.51 0.03 0.51 0.03 2.18 0.10
ref-4 12.6 0.1 9.17 0.02 0.69 0.03 0.84 0.03 3.43 0.10
ref-5 11.84 0.1 8.87 0.02 0.66 0.03 0.77 0.03 2.97 0.10
ref-6 14.6 0.1
GP Com
ref-2 15.17 0.1 13.73 0.05 0.34 0.04 0.36 0.06 1.44 0.11
ref-3 14.39 0.1 12.62 0.03 0.43 0.03 0.46 0.03 1.77 0.10
ref-4 14.25 0.1 12.24 0.03 0.46 0.03 0.54 0.03 2.01 0.10
ref-5 13.56 0.1 10.71 0.02 0.67 0.02 0.74 0.03 2.85 0.10
ref-6 15.12 0.1 13.44 0.04 0.40 0.04 0.53 0.05 1.68 0.11
TABLE 7
Field Av from Reference Star Spectrophotometry
ID Spectral Type ( V - K ) o V -  K E  (V -  K  ) Av a {Av)
AM CVn 
ref-2 G4V 1.52 1.58 0.06 0.07
0.05±0.02
ref-3 K6V 3.01 3.06 0.05 0.06
ref-5 G4V 1.52 1.54 0.02 0.02
CR Boo 
ref-2 G9V 1.88 1.93 0.05 0.05
0.03±0.04
ref-3 M2III 4.30 4.28 -0.02 -0.02
ref-4 F2V 0.86 0.87 0.01 0.01
ref-5 G0V 1.41 1.46 0.05 0.06
V803 Cen 
ref-2 K1V 2.14 2.44 0.30 0.33
0.31±0.09
ref-3 G4V 1.52 1.76 0.24 0.26
ref-4 F6.5V 1.19 1.42 0.23 0.26
ref-5 G6V 1.67 1.88 0.21 0.23
ref-6 F8V 1.28 1.70 0.42 0.46
HP Lib 
ref-2 F5V 1.10 1.48 0.38 0.42
0.34 ±0.06
ref-3 G9V 1.88 2.18 0.3 0.33
ref-4 K7V 3.17 3.43 0.26 0.29
ref-5 K4V 2.68 2.97 0.29 0.32
GP Com 
ref-2 G0V 1.41 1.44 0.03 0.03
0.02±0.11
ref-3 G8V 1.80 1.77 -0.03 -0.03
ref-4 K0V 1.96 2.01 0.05 0.05
ref-5 K5V 2.70 2.85 0.15 0.16
ref-6 G8V 1.80 1.68 -0.12 -0.14
a Av  =  1 .1E(V -  K )
